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Summary
‘Tsunokagayaki’ is a new mid-ripening citrus (Citrus sp.) cultivar released by the National Agriculture 
and Food Research Organization (NARO), Institute of Fruit Tree Science (NIFTS). It originated from a 
cross between KyOw No. 14 [‘Kiyomi’ (C. unshiu × C. sinensis) × ‘Okitsu-Wase’ (C. unshiu)] and ‘Encore’ 
(C. nobilis × C. deliciosa) that was performed in 1984 at the Kuchinotsu Branch, Fruit Tree Research 
Station, Nagasaki, Japan. It was initially selected in 1989, when it was designated Kankitsu Kuchinotsu 
No. 34. In 2001, it was included in the 9th citrus selection national trial, which was conducted at 28 
experimental stations in Japan. It was ultimately selected in July 2006 and authorized under the name 
Mikan Norin No.17 ‘Tsunokagayaki’ in March 2008, and subsequently registered as a new cultivar (No. 
17970) under the Plant Variety Protection and Seed Act of Japan on 19 March 2009.
The tree has medium vigor, and its shape is intermediate between upright and spreading. The fruit 










































al., 2004, 2006, 2008, 2011）．また，2015 年 4 月からは機
能性表示食品の制度も始まり，これまでの知見をもとに






















1984 年 5 月，果樹試験場口之津支場（現　農研機構
weighs about 180 g and has an oblate shape. The rind is dark orange with an average thickness of 
2.7 mm, and has moderately easy peelability. The fruit surface is intermediate between smooth and 
rough. The fruit ripens in late January at Minamishimabara, Nagasaki, Japan. The soluble solids content 
(Brix) in juice is high (about 13%) and the acidity decreases to about 1 g/100 mL in the ripe fruit. The 
flesh is soft and juicy, with distinctive flavor. The β-cryptoxanthin content in the flesh is high (an average 
of 2.18 mg/100 g fresh weight [FW]). The fruit sometimes contains a few seeds. High-quality fruits that 
ripen 1 to 2 months earlier could be produced in greenhouse under energy-saving cultivation, with a 
weight of more than 200 g and a Brix of about 13%. 
Key words: Citrus, mandarin, mid-ripening, fruit tree breeding, greenhouse cultivation, β-cryptoxanthin



















明らかになり，2006 年 7 月の平成 18 年度系統適応性・
特性検定試験成績検討会（常緑果樹）において，新品
種候補としてふさわしいとの合意が得られた．これを受




基づく品種登録出願を行った．2008 年 3 月に農業試験
研究独立行政法人等育成農作物新品種命名登録要綱に基
づき，みかん農林 17 号‘津之輝’と命名，登録された．





























































りである．松本亮司（1984 ～ 1991，1994 ～ 2003），吉
岡照高（1996 ～ 2004）， 國賀　武（1993 ～ 2003）， 山
本雅史（1986 ～ 1996）， 奥代直巳（1984 ～ 1990）， 吉
永勝一（1991 ～ 2003）， 高原利雄（2003 ～ 2007）， 山
田彬雄（1990 ～ 1994）， 三谷宣仁（1996 ～ 2001）， 稗

































（Brix）は 2006 年 12 月の調査時で 16.7％と非常に高く，
1 月中旬に調査した 3 年の平均値でも 15％と高かった．
酸度は 2006 年 12 月の調査時で 1.68 g/100 mLと高く，
1 月中旬の調査でも 1.31 g/100 mLであった．アンコー
ルに似た芳香を有し，食味良好である．含核数は 1～2
Table 1. Tree and flower characteristics of ‘Tsunokagayaki’, ‘Miyauchi iyokan’, and ‘Setoka’ in the 2006−07 season at NIFTS, 
Kuchinotsu, Japan.















Tsunokagayaki Medium Medium Medium 8.8 3.2 a 0.27 None Broad ovate Medium Few
Miyauchi iyokan Medium Medium Few 9.1 3.5 a 0.56 Medium Broad ovate Light Few
Setoka Medium Medium Medium 8.6 3.8 b 0.33 Little Compressed Medium Few
Significance t
Diff. among cultivars NS s ***
z Classified into five classes: weak (standard cultivar: ‘Meiwa’ kumquat), moderately weak, medium (‘Kiyomi’, hyuganatsu), moderately strong 
and strong (hassaku). 
y Classified into four classes: upright (standard cultivar: ‘Ohta ponkan’), medium (’Miyauchi iyokan’), spreading (kishu-mikan) and weeping 
(‘Kiyomi’). 
x Classified into four classes: none (standard cultivar: kishu-mikan), few (‘Encore’), medium (‘Meiwa’ kumquat) and many (hyuganatsu).
w Classified into four classes: none (standard cultivar: ‘Kiyomi’), little (‘Encore’), medium (‘Miyauchi iyokan’) and much (hyuganatsu).
v Classified into three classes: light (standard cultivar: ‘Miyauchi iyokan’, kishu-mikan), medium (‘Ohta ponkan’) and strong (‘Encore’, ‘Kiyomi’).
u Classified into four classes: none (standard cultivar: shiikuwasha), few (‘Miyauchi iyokan’, ‘Encore’), medium (‘Ariake’) and many (trifoliate 
orange).
t Means were tested for significance differences using Tukey’s HSD test at P < 0.05. 
s NS, non-significant; asterisks, significant at *P < 0.05, **P < 0.01,  and ***P < 0.001 (one-way analysis of variance).


























年のデータがある 19 試験地の 2003 年度から 2005 年度













られたが，およそ 2/3 の 13 試験地は発生無し，あるい
は軽度の発生であった．そうか病の発生は 1 か所で軽度














Peeling x Peelpuffing w
Tsunokagayaki Dec. 25 127 Oblate 122 Dark orange Medium 1.4 Moderatelyeasy None
Miyauchi iyokan Dec. 25 290 Oblate 116 Orange Medium 4.5 Medium None
Setoka Dec. 25 184 Compressed 141 Orange Smooth 1.5 Moderatelyeasy None
z Fruit shape index = (transverse diameter / longitudinal diameter) × 100
y Classified into five classes: smooth (standard cultivar: ‘Murcott’), moderately smooth, medium (‘Miyauchi iyokan’), 
moderately rough and rough (yuzu).
x Classified into five classes: easy (standard cultivar: ‘Ota ponkan’, kishu-mikan), moderately easy, medium (‘Miyauchi 
iyokan’), moderately difficult and difficult (‘Seihou’).
w Classified into four classes: none (standard cultivar: hyuganatsu, ‘Kiyomi’), little (‘Miyauchi iyokan’, ‘Encore’), medium 















Tsunokagayaki Soft Dark orange High 16.7 1.68 1.7 Late Jan.
Miyauchi iyokan Medium Yellow orange High 13.0 1.45 8.2 Mid Feb.
Setoka Soft Dark orange High 12.6 1.56 3.2 Mid Feb.
v Classified into three classes: soft (standard cultivar: ‘Ohta ponkan’), medium (‘Miyauchi iyokan’) and hard (‘Hayaka’).
u Classified into three classes: low (standard cultivar: hassaku), medium (‘Harumi’) and high (‘Kiyomi’, ‘Amakusa’).






たが，180 g前後の試験地が多く，平均は 179 gであっ
た．果形指数は 130 前後で，平均は 129 と扁球に近かっ











た試験地が 3 か所あり，測定値では平均で 0.14 であっ
た．成熟期における果汁の糖度（Brix）は 11.8～16.0％
の幅があったが，ほとんどの試験地で 12％以上であり，
平均は 12.8％であった．酸度は 0.89～1.59 g/100 mLの
幅があり，平均すると 1.12 g/100 mLであった．食味の
評価は，糖度が高く，濃厚で良好とする試験地が多かっ






1 試験地で多発生した．満開期は 4 月下旬～5 月中旬の
幅があったが，5 月中旬とする試験地が最も多かった．
果皮の着色開始期は 10 月上旬～11 月上旬の幅があった
が，10 月下旬～11 月上旬とする試験地が多かった．ま
た完全着色期は 11 月中旬～12 月下旬の幅があったが，
11 月下旬とする試験地が最も多かった．成熟期は最も
早い試験地で 12 月下旬，最も遅い試験地で 2 月中旬と
評価されたが，1 月下旬と評価した試験地が 11 か所で
最も多かった．
3 ．特性検定試験結果















Table 3. Carotenoid contents in fruit flesh of ‘Tsunokagayaki’, ‘Otani iyokan’, ‘Setoka’, ‘Okitsu-Wase’ and ‘Seinannohikari’ z.
Cultivar
Content (mg /100 g fresh weight)
Phytoene ζ-Carotene Lycopene α-Carotene Lutein β-Carotene β-Cryptoxanthin Zeaxanthin Violaxanthin
Total
carotenoid
Tsunokagayaki 0.46±0.42a 0.22±0.09a 0.22±0.38 n.d. 0.08±0.02a 0.13±0.07a 2.18±0.46a 0.10±0.02 1.24±0.51a 4.62±1.72a
Otani iyokan 0.01±0.01b 0.04±0.07b n.d. w 0.01±0.01 0.01±0.02b 0.00±0.01b 0.14±0.06b 0.07±0.05 0.33±0.14b 0.61±0.32b
Setoka 0.26±0.13a 0.58±0.34a 0.01±0.02 0.00±0.01 0.07±0.03a 0.11±0.03a 1.51±0.48a 0.08±0.03 1.53±0.45a 4.16±1.31a
Okitsu-Wase 0.07±0.03a 0.15±0.03a 0.01±0.01 0.01±0.00 0.04±0.02a 0.07±0.04a 1.53±0.10a 0.07±0.01 0.32±0.12b 2.26±0.13a
Seinannohikari 0.37±0.07a 0.46±0.21a 0.01±0.01 0.01±0.01 0.10±0.03a 0.20±0.13a 2.76±0.86a 0.13±0.03 1.27±0.24a 5.31±1.31a
Significance y
Diff. among cultivars *** x ** * *** *** NS *** ***
Diff. among years NS NS NS NS NS NS NS NS
z Carotenoids were extracted from the fruit flesh and analyzed according to the method of Kato et al. (2004). Five fruits were sampled from one 
tree of each cultivar in December 2007, 2008, and 2009. Data for each cultivar from the 3 years were averaged, and values represent the mean ± 
standard deviation.
y Means were tested for significant differences using Tukey’s HSD test at P < 0.05. Carotenoid contents were analyezed as log-transformed values. 
Lycopene and α-carotene were eliminated from the statistical analysis. 
x NS, non-significant; asterisks, significant at *P < 0.05, **P < 0.01,  and ***P < 0.001 (two-way analysis of variance).
w Not detected.









Table 4. Tree characteristics of ‘Tsunokagayaki’ during the 9th citrus selection national trial from the 2003–04 season to the 
2005−06 season z.













strong Upright Dense Few Short










Few –  
medium Short

























strong Upright Dense Few Short None None
Yamaguchi 
(Oshima) Medium Medium Dense Medium Medium
None –  
slight None
Kagawa 
(Sakaide) Medium Medium Dense
None –  
medium Short None None
Tokushima
(Itano) Medium Medium Medium Medium Medium － －
Ehime
(Matsuyama) Medium Upright Medium Medium Short None None
Ehime
(Ochi) Medium Medium Dense Medium Short None None
Ehime
(Uwajima) Medium － Medium








Medium –  
dense Few Short
None –  
slight Slight
Nagasaki 






dense None None None None
Kumamoto
(Uki) Medium Medium
Medium –  
dense
None –  
medium Short Slight None
Ohita
(Kunisaki) Medium Upright
Medium –  
dense





(Tsukumi) Medium Medium Medium Few Short None None
Miyazaki 





Medium –  
dense




z Data are the range of values in the 3 years.
y See Table 1 for the description of the trait evaluation.  
x Classified into three classes: dense(standard cultivar: ‘Miyauchi iyokan’, ‘Setoka’), medium (nastudaidai, hyuganatsu) and 
sparse (‘Hayasaki’, ‘Lisbon’ lemon).
w Classified into four classes: none (standard cultivar: ‘Miyauchi iyokan’), few (‘Encore’), medium (‘Meiwa’ kumquat) and 
many (hyuganatsu).
v Classified into four classes: none, slight, moderate, and severe.
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Jan. 151 ± 60 127 ± 2 1.9 ± 0.2
Medium –  
moderately difficult
82.3 ± 1.2
Moderately tender – 
medium





Jan. 183 ± 26 120 ± 7 3.2 ± 0.9
Moderately easy –  
medium
79.0 ± 2.5
Moderately tender – 
medium





Jan. 184 ± 28 126 ± 4 3.4 ± 0.5
Medium –  
moderately difficult
78.1 ± 2.1
Tender –  
medium





Jan. 186 ± 8 127 ± 2 2.5 ± 0.4
Easy –  
moderately easy
81.4 ± 1.2 Medium Medium – high 0.15
Hiroshima  
(Higashihiroshima)
Jan. 177 ± 14 129 ± 1 2.4 ± 0.3
Easy –  
moderately difficult
81.0 u







Jan. 183 ± 16 138 ± 4 2.5 ± 0.2 Moderately difficult 82.0 ± 2.8 Tender Medium – high Thin
Kagawa  
(Sakaide)
Jan. 188 ± 27 129 ± 1 2.9 ± 0.4 Easy – medium 78.4 ± 1.3
Moderately tender – 
hard
Medium – high 0.13
Tokushima 
(Itano)
Jan. 150 ± 8 131 ± 4 2.4 ± 0.3
Medium –  
moderately difficult
80.7 ± 2.1 Moderately hard Medium Thin
Ehime 
(Matsuyama)
Jan. 131 ± 31 133 ± 1 2.5 ± 0.6
Moderately easy –  
medium






Jan. 170 ± 33 136 ± 5 2.5 ± 0.3
Moderately easy – 
medium





Jan. 210 ± 19 134 ± 1 3.0 ± 0.1
Easy –  
moderately easy
77.9 ± 3.8
Tender –  
medium
Medium – high Medium
Fukuoka 
(Chikushino)
Jan. 202 ± 20 126 ± 4 －
Easy –  
moderately easy
78.0 ± 1.0 Medium Moderately high Medium
Nagasaki  
(Omura)
Jan. 206 ± 20 128 ± 7 3.2 ± 0.3
Moderately easy –  
medium
77.8 ± 1.7
Tender –  
medium
Medium – high Medium
Nagasaki 
(Minamishimabara)
Jan. 141 ± 15 125 ± 7 2.4 ± 0.4 Medium 80.3 ± 1.7
Tender –  
medium
Medium – high 0.13
Kumamoto 
(Uki)
Jan. 208 ± 42 127 ± 1 2.6 ± 0.5 Easy – difficult 77.9 ± 0.7
Tender – 
moderately hard
Medium Thin – medium
Ohita 
(Kunisaki)
Jan. 152 ± 9 132 ± 9 2.6 ± 0.3
Moderately easy –  
medium
82.3 ± 0.9







Jan. 199 ± 9 125 ± 1 3.6 ± 0.3 Easy 80.6 ± 6.5 Medium Medium 0.11
Miyazaki  
(Miyazaki)
Jan. 161 ± 37 117 u 2.6 ± 0.5
Medium – 
moderately difficult
80.5 ± 1.2 Medium Medium 0.15
Miyazaki  
(Nichinan)
Jan. 215 ± 46 127 ± 4 2.6 ± 0.4 Easy – medium 80.5 ± 2.0
Tender – 
medium
Medium – high －
Mean ± SD – 179 ± 37 129 ± 6 2.7 ± 0.6 － 79.9 ± 2.9 － － 0.14
z Data are either mean ± standard deviation for 3 years or range during the 3 years.
y See Table 2 for description of the trait evaluations
x Percentage of fresh weight = [(fresh weight without fruit skin)/(fruit weight)] × 100.
w Classfied into five classes: tender (standard cultivar: ‘Kiyomi’, ‘Amakusa’), moderately tender, medium (‘Miyauchi iyokan’), moderately hard 
and hard (hassaku).
v The thickness of the segment membrane was either measured with a micro-caliper (numerical values) or classified into five classes by 
masticating the segment membrane (verbal descriptions): thin(standard cultivar: ‘Setoka’, ‘Harumi’), moderately thin, medium (‘Aoshima 
unshu’), moderately thick and thick (hassaku, natsudaidai).
u Single-year data: 2006 at Miyazaki, 2004 at Hiroshima.
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14.1 ± 0.5 1.59 ± 0.19 4.1 ± 2.9 None None None 
None – 
small
Mid May Late Oct. Late Nov. Mid Feb.
Aichi  
(Gamagori)
13.6 ±1.4 1.06 ± 0.11 0 ± 0 None None None None Early May Late Oct. Mid Dec. Late Jan.
Wakayama  
(Arida)
13.1 ± 0.9 1.19 ± 0.20 1.1 ± 1.1





Mid May Mid Oct. Mid Nov. Late Jan.
Osaka  
(Habikino)
12.9 ± 0.7 1.20 ± 0.14 2.3 ± 1.6 None None None None Early May Mid Oct. Late Nov. Early Feb.
Hiroshima  
(Higashihiroshima)
12.4 ± 1.3 1.06 ± 0.06 3.5 ± 2.9





Mid May Mid Oct. Late Nov. Late Dec.
Yamaguchi  
(Oshima)
12.5 ± 0.4 1.05 ± 0.07 0.9 ± 0.9 None None None None Mid May Late Oct. Late Nov. Early Feb.
Kagawa  
(Sakaide)
11.8 ± 0.4 0.92 ± 0.08 0 ± 0
None –  
slight
None None None Mid May Early Nov. Late Nov. Late Jan.
Tokushima 
(Itano)
11.9 ± 1.0 1.26 ± 0.03 4.0 ± 2.4 None None － None － － － Late Jan.
Ehime 
(Matsuyama)
14.0 ± 1.6 1.22 ± 0.11 0 ± 0 None None － None Mid May Early Nov. Early Dec. Late Jan.
Ehime 
(Ochi)
12.4 ± 0.5 1.14 ± 0.13 0 ± 0 None None None － Mid May － － －
Ehime 
(Uwajima)
13.2 ± 0.3 1.00 ± 0.07 0 ± 0 None None － None Early May Early Nov. Late Nov. Late Jan.
Fukuoka 
(Chikushino)
11.8 ± 0.4 1.03 ± 0.06 6.3 ± 4.0 None None
None – 
moderate
High Mid May Early Nov. Early Dec. Late Jan.
Nagasaki  
(Omura)
13.3 ± 0.8 1.21 ± 0.03 2.4 ± 1.1 None None － － Early May － － Early Jan.
Nagasaki 
(Minamishimabara)
16.0 ± 0.4 1.31 ± 0.07 1.2 ± 1.2 None None None None Early May Late Oct. Mid Nov. Late Jan.
Kumamoto 
(Uki)
13.0 ± 1.2 1.04 ± 0.09 3.2 ± 1.5 None None None None Early May Late Oct. Late Nov. Late Jan.
Ohita 
(Kunisaki)
12.0 ± 0.7 1.07 ± 0.11 0.7 ± 0.5 None None
None –
moderate
None Mid May － Mid Nov. Mid Jan.
Ohita 
(Tsukumi)
12.7 ± 0.9 0.89 ± 0.13 1.8 ± 1.3 None None
None – 
slight
None Early May Early Oct. Early Dec. Early Jan.
Miyazaki  
(Miyazaki)
11.9 ± 1.0 1.08 ± 0.17 5.1 ± 3.6 None None None None Late April Mid Oct. Late Dec. Late Jan.
Miyazaki  
(Nichinan)
12.0 ± 0.8 0.96 ± 0.13 3.0 ± 4.2
None – 
moderate
None None None Late April Early Nov. Early Dec. Mid Jan.
Mean ± SD 12.8 ± 1.3 1.12 ± 0.19 2.2 ± 2.8 － － － － Early May Late Oct. Late Nov. Late Jan.
t Classified into four classes: none, slight, moderate, and severe.
s Classified into three classes: none, small (<10%), and high (≥10%).
r Time when >80% of the flower buds on the tree were open. 
q Time when 10% of the rind surface began coloring. 















と宮崎県の少加温ハウス栽培（年間 10 kL/10 a程度の





Table 6.  Resistance of ‘Tsunokagayaki’ to citrus scab (Elsinoë fawcettii) z.
Cultivar
Disease severity index y
2003 2004 2005
Tsunokagayaki 0 0 0
Satsuma mandarin  
cv. Dobashi-Beni unshu 18.6 1.5 2.1
z The data refer to the evaluation of disease resistance carried out at the Shizuoka Prefecture Citrus Experimental Station.
y Disease severity index = [(5A + 3B + C + 0D) / 5N] × 100, Where A to D represent the number of samples in categories A 
= severe, B = moderate, C = slight, and D = none, and N is the number of samples investigated. There was no significant 
difference between the two cultivars (paired-difference t -test).
Table 8.  Resistance of ‘Tsunokagayaki’ to citrus tristeza virus z.
Year Rate of occurrence of stem pitting(% of shoots) y Disease severity index
 x
2003 60 12.0 
2004 60 16.0 
2005 80 20.0 
z The data refer to the evaluation of disease resistance carried out at the Ehime Fruit Tree Experimental 
Station (citrus tristeza virus).
y The percentage of samples that exhibited symptoms among ten 2-year-old shoots of  per tree.
x Disease severity index = [(5A + 3B + C + 0D) / 5N] × 100, Where A to D represent the number of samples in 
categories A = severe, B = moderate, C = slight, and D = none, respectively, and N is the number of samples 
investigated.
















Tsunokagayaki E BC D － D A BC － C CD DE DE
Satsuma mandarin x CD BC D E D CD E － DE D E －
Navel orange w BC AB C D D AB CD － BC A BC －
z The data refer to the evalution of disease resistance carried out at the Agricultural Research Division Mie Prefecture Science 
and Technology Promotion Center.
y Degree of occurrence of citrus canker: A = most severe, B = severe, C = moderate, D = slight, E = none. 
x ‘Dobashi-Beni’ unshu in 2003 and ‘Hayashi Unshu’ in 2004 and 2005 were used as reference cultivars of satsuma mandarin.
w ‘Suzuki navel’ in 2003 and ‘Morita navel’ in 2004 and 2005 were used as reference cultivars for navel orange. 





































なお，‘津之輝’ は Nonaka et al.（2017） によって
CAPSマーカーを利用した親子鑑定および品種識別が実
施されており，8 種類のCAPSマーカーにより農研機構








年 3 月にみかん農林 17 号‘津之輝’と命名，登録され







































































Dec. 268 ± 8 2.5 ± 0.3
Medium –  
moderately
difficult




－ 82.5 ± 1.3 13.2 ± 0.9 0.97 ± 0.19 0.0 
Mean ± SD － － 235 ± 41 2.8 ± 0.5 － － － 80.2 ± 3.8 13.1 ± 0.9 1.02 ± 0.12 0.1 ± 0.2
z Data are the mean ± standard deviation or range of 2 or 3 years.
y This means reduced oil consumption for heating (about 10 kL/10 a), versus about 20 kL/10 a for the standard heating regime.
x See Table 2 for description of the trait evaluation.
w See Table 5 for description of the trait evaluation.
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度は 13％程度と高く，酸度は 1 月下旬には 1 g/100 mL
前後になる．成熟期は 1 月下旬～2 月上旬である．含
核数は平均で 2 粒程度であるが，無核果の割合も高
い．果肉に含まれる総カロテノイド含量は 3 年平均値
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Fig. 2 Fruits of ‘Tsunokagayaki’ on a tree in the 
greenhouse.
Fig. 3  Fruits of ‘Tsunokagayaki’.
Fig. 4 A physiological disoreder (mesophyll collapse of 
the fruit skin) of ‘Tsunokagayaki’.
野中ら：カンキツ新品種‘津之輝’ 45

